New Product Development (NPD) classes based around problem-based learning provide an effective vehicle for authentic learning and realistic design experiences. Selfreflection provides one mechanism to expose learning accomplishments to the instructor and help the students develop self-assessment skills for professional practice.
INTRODUCTION
Assessing what students learn during a product development class is a difficult task [1] [2] [3] . There are shortcomings with most common assessment methods. Although a written test might assess content or process knowledge, it will not capture or reliably assess the practical and teamwork skills that are built up during a group design project. A textbook understanding of the design process itself does not guarantee that the student can successfully apply the process in complex design situations. Grading the outcome of a design project, particularly with input from an industry jury, can provide a good indicator of a team's accomplishments, but what does it say about an individual student's learning progress? A project that is not rated highly could have been the vehicle for tremendous learning. Nor do design project ratings get at what were the salient learning experiences to the students -the nuggets of experience they will carry with them towards their jobs as designers, managers and innovators. This predicament is summed up well below:
"Despite the ubiquity of engineering design in curricula, little is known about what students learn in engineering design courses" [4] One dual purpose approach to assessing students' learning experiences in a New Product Development (NPD) class is to ask the students themselves what they learned. Not only does this approach provide insight into the student experience, it also serves to build their lifelong skills in self-reflection as argued by Schön to be a critical tool for what he called the 'selfreflective practitioner' [5] .
This paper presents the qualitative analysis of the responses of what students themselves said they learned from three years of a multidisciplinary graduate-level NPD class using a projectbased learning approach. Over the last three years, approximately 200 students and more than 1200 individual lessons learned statements were collected. At the end of each class, students are asked to reflect on and share the key lessons learned throughout the class. Lessons vary on their specificity and content, but typically take the form of short phrases such as:
FIGURE 1: KOLB'S MODEL OF EXPERIENTIAL LEARNING

Self-Reflection
Reflective practice involves thoughtfully considering one's own experiences in applying knowledge to practice while being coached by professionals in the discipline [9] . Schön refers to the "learned intuition" of professional practice as 'professional artistry' or 'knowing-in-action'. He advocated the concept of reflective practice as a critical process in refining one's artistry. He recommended that novices could use reflective practice as a way to recognize consonance between their own experiences and those of successful practitioners. He believed that it was the ability to reflect both during and after an activity that distinguished the effective practitioner from less effective professionals.
Self-reflection is also a critical component of constructivist learning, which assumes that learners construct their own knowledge on the basis of interaction with their environment [10, 11] . Self-reflection becomes a means for learners to socially construct their understanding of a design process to themselves and to others [12, 9] . It becomes both a learning tool for the student and an assessment tool for the instructor.
'Lessons learned' exercises as a form of self-reflection in design classes provide an insight into what students themselves experienced as the most salient parts of a course. Whereas a written assessment tests knowledge that the instructor thinks is most pertinent, asking for lessons learned focuses on the students' experience. In this way, it reveals not what students were supposed to learn, but what they actually did learn and what they felt was most important about what they learned. A disconnect between the two can provide useful feedback for the instructor, providing an interesting window for the instructors into what students gained from the course.
As a pedagogical tool, articulating lessons learned encourages reflection and reinforces key learnings and meaningful experiences. It encourages students to reflect on real experiences and develop more transferable lessons to be applied in other situations in the future. When conducted in a group, sharing lessons learned helps students learn from the experiences and stories of others, as each lesson discussed is backed up by solid project experience. Hearing about others' experiences and analyses encourages critical thinking and discussion, as project experiences and interpretation often differ.
Sharing lessons learned in groups other than the original project teams allows students to socially construct their knowledge about their team experience without worrying about other teammates' differing opinions. Furthermore, since names are not attached to the lessons learned, and since the exercise is not graded, students are more likely to provide an honest assessment of their experience, positive and negative, without fear of consequences.
Data Collection
We collected data from the Berkeley graduate NPD class. The class takes students through the bulk of the NPD process, from initial team forming and project selection, to a tested and working prototype judged by professional designers at an end of semester tradeshow. The class broadly follows the product development process as described in Ulrich and Eppinger's product development text [13] , taking teams through the process of need-finding, gathering user data, concept generation, concept selection, concept testing and prototyping, as shown in Figure 2 .
Teams begin with an initial project proposal based around a 'bug,' or annoyance, that students have observed. Starting from this initial brief, teams perform "need-finding" and customer and market research that often results in projects significantly changing direction. In past years we have had projects ranging from devices to assist the elderly, to sports equipment, and even to crop protection.
Teams are multidisciplinary, with each team having representatives from the Haas School of Business, the Berkeley College of Engineering, the Berkeley School of Information Management, and industrial designers from the California College of the Arts. The class consists of a group project making up the majority of activity, supplemented by lectures, guest speakers and small assignments to gain familiarity with design tools.
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FIGURE 2: THE PRODUCT DEVELOPMENT PROCESS (ADAPATED FROM [13])
Reflection and sharing are key pedagogical tools employed throughout the process to help students gain maximum benefit from their product development experience. In preparation for the final class of the semester students are asked to:
" ." Students spend time in groups discussing the individual lessons they brought with them and clustering similar lessons together. At the end of the class, groups are encouraged to share the most significant lessons from their discussion with the class. When we refer to 'lessons learned' in this paper we are referring to the statements on the individual post-its that students bring with them to this exercise. The wording of the assignment above usually results in consistent interpretations by the students as to what to bring to the exercise.
METHODS AND ANALYSIS
We collected each of the clusters of Post-its™ with lessons learned from the student groups at the end of each year's discussion. This paper concerns data from the 2002, 2003 and 2004 NPD classes. The full data set consists of over 1200 direct student quotes as transcribed from the Post-its™ as shown in Table 1 . The phases of the analysis process as described here are outlined in Figure 3 . During the class exercise, the lessons learned were pre-sorted by each group of students into categories of their own choosing. After collecting all 1287 lessons learned, these categories were used as starting points for a high-level clustering exercise where all of the lessons were sorted into similar categories. For example, in this step, post-its from similar categories, such as 'milestones' and 'deadlines,' were grouped together into one category to make the overall collection more digestible. Utilizing the students' own categories helped ensure that their perspective, and means of organizing their own experiences, was retained in the categorization.
FIGURE 3: THE ANALYSIS PROCESS
The data from each year varied somewhat in the categories and granularity of categorization that was applied. In order to be able to compare and contrast the data from each year with the next, an additional reorganizing stage was performed. In this stage, similar categories from each year were recognized and large categories in some years were broken or combined to form a uniform set of categories that spanned across the three years. In many cases, it was necessary to carefully refer to each of the individual lessons learned within each category to ensure that consistent definitions for each had been applied. Figure 4 shows a plot of the results of this organizing activity.
In general, there is a surprising consistency in the distribution of lessons learned over the years studied. It can be seen that the most mentioned lessons refer to learnings that concern working in a team. This may be expected as, for many students, this is the first truly multidisciplinary project team experience. The harmony and difficulties that arise from working in teams impact the students' experiences throughout the entire product development process. 'Teamwork' is also a relatively broad category that includes learnings related to many different aspects of working in multi-disciplinary teams. Table 2 breaks down, with example quotes from the students, the broad category of Teamwork.
Many of the main lessons learned categories, it can be seen, apply either to general teamwork situations or factors that are more or less independent of the phases of the development process, i.e., most of these learnings, such as working out effective communication practices, are applicable throughout the whole design process. Since classes that teach design are often broken down by phases in the development process, it is also informative to plot only those lessons that relate to specific phases of the design process. As per the NPD model followed [13] , these categories include generating the goals and mission statement of the team, customer and user needs, concept generation, concept selection and prototyping and testing. Figure 5 shows the number of lessons mentioned against phases in the design process. T e a m L e a r n in g U s e r N e e d s M e e t i n g s G e n e r a l P r o c e s s L e a r n i n g C o n c e p t g e n e r a t io n P r o j e c t m a n a g e m e n t C o n c e p t s e l e c ti o n P r o t o ty p i n g a n d t e s t i n g 
FIGURE 5: NUMBER OF LESSONS LEARNED AGAINST PHASES OF THE DESIGN PROCESS
It can be seen that, in comparison with other phases in the design process that were taught and practiced, the largest cluster of lessons mentioned by students related to identifying and dealing with customer and user needs. The phases of concept generation, concept selection, and prototyping and testing appear not to have been as significant to the students when asked to consider key lessons from the course.
Over the last several years, a deep understanding of customer and user needs, through need-finding, has become increasingly important, with both industry and design classes placing greater emphasis on this stage of the process. As user needs appeared the most significant process-related category with regard to the student experience, we took a closer look at the breakdown of the 163 lessons within user needs to understand what aspects were the most significant.
User Needs Lessons Analysis
As shown in the bottom half of Figure 3 , we took two approaches to understanding and analyzing the lessons relating to customer and user needs. One researcher performed an affinity diagramming exercise [14, 15] on a large open space, with each lesson on its own notecard. As natural relationships and clusters formed, headings were added to each cluster. These clusters and relationships evolved as the 163 lessons were incorporated. Figure 6 shows the affinity diagramming exercise in process. Separately, another researcher coded each lesson with an evolving set of codes that emerged from the data [16, 17] , first on paper and then using Nvivo [18], a popular software package for qualitative analysis. In both cases, items were allowed to reside in multiple categories, or be assigned multiple codes, to reflect the overlapping and subjective nature of the process, as well as the fact that some lesson statements contained multiple insights. As much as possible, the researchers let the content and wording of the lessons drive the natural development of the categories and codes.
FIGURE 6: AFFINITY DIAGRAMMING CLUSTERING FOR THE USER NEEDS LESSONS
After both analyses were performed, the two versions of classified data were brought together and differences, discrepancies, patterns and similarities were discussed. This two step process allowed a less biased analysis to evolve and engendered a rich discussion of the different categories and clusters, and their relationships.
The analysis resulted in several significant clusters of lessons and several interesting relationships and dependencies between each. Table 3 describes in detail the major categories that formed, the definitions for each, and some example lessons in the students' own words.
DISCUSSION
There are several areas for discussion following on from the lessons learned analysis. The first of these concerns the overall breakdown of lessons learned categories and the frequency with which each category is mentioned. We saw, in Figure 2 , that the primary salient lessons for students in the multidisciplinary NPD course concerned working effectively in multidisciplinary teams. Within the Teamwork category, we can see in Table 1 Figure 4 also displays how the frequency of each lesson category changed over three successive years of the NPD class. The consistency in the lesson numbers over time points toward a more general pattern for multidisciplinary team learning, in particular the importance to students of learning about teamwork and the process of need-finding.
Several factors may contribute to a skew towards user needs lessons being more prevalent than other lessons learned categories. It could be argued that the user needs category is a broader "bucket" than others, thereby encompassing a wider range of experiences from which lessons may be had. In addition, there may be some bias due to participation in a course which emphasizes the product definition phases of the process. Also, while this exercise asked students to reflect on lessons that stuck out the most to them, they may instead be focusing on what they expect the instructors wish to hear, and not on what is actually most salient to them. We believe this is unlikely given that the structure of the lessons learned exercise is both anonymous and ungraded, and encourages sharing among peers rather than with the instructors.
TABLE 3: BREAKDOWN OF MAJOR LESSON CATEGORIES PERTAINING TO CUSTOMER AND USER NEEDS
Category Definition Examples
Listening Lessons pertaining to the importance of listening to what people say and what they say they do.
"Ask plenty of open-ended questions of users/customers." "Listen, listen, and listen again."
Observation Lessons pertaining to the importance of observing people, as opposed to just talking to them.
"What customers say doesn't always = what they do." "During interviews, watching is just as important as listening."
Context
Lessons pertaining to the importance of observing and talking to users in the context the product will be used in.
"Direct observation is essential. Experience use in the customer environment." "Get out of the office! Viewing customers in their natural environments is key."
Perspectives Lessons pertaining to understanding the users' perspective, resolving conflicting viewpoints, designer biases
"Ground the conversation in on "individualization" to avoid the bias that each member envisions themselves as the end user." "Users ideas can be very different than what you think"
Sharing within the team
Lessons pertaining to sharing user research with other group members, getting and staying on the same page, group understanding.
"Field trips are good. Going out together to get more info is better than just talking about it in a room." "The team could have done a better job compiling information"
Scope
Lessons pertaining to the variety of people to talk to, different people have different needs, broad vs. narrow, size/diversity of focal group.
"There are many types of users, users are different, and you can't satisfy them all." "Make time in the planning phase to investigate the broader context for use. Don't narrow the scope too soon."
Prioritization Lessons pertaining to competing needs, prioritizing needs, contradictory needs, tradeoffs among needs, balancing needs, focusing on a need, deeper needs, and bigger picture needs
"Locating the "base" need is very helpful; gets thinking outside the box." "Hard to get at what truly matters to users (need prioritization)."
Accuracy Lessons pertaining to finding the "right," "real," "true," or "wrong" needs.
"Find the right customer needs." "Accurate identification and prioritization of user needs is critical."
Latent/ Implicit needs
Lessons pertaining to latent needs, those that many customers recognize as important in a final product but cannot articulate in advance [13] "Observation and past stories can give hints to latent needs." "Customer stated "wants" might be very different from their real behavior."
Ongoing/ Iterative
Lessons pertaining to continual feedback, constant communication with users, and the iterative nature of need-finding.
"Contact with the customers should happen all the time, before, after, and during." "Need to revisit customer needs repeatedly"
Quantity Lessons pertaining to the amount of needfinding that should be done.
"Meet as many people as possible." "Learn as much about needs as possible early in the process. Time spent up front saves lots of time at the end."
Need-centric
Lessons pertaining to focusing on user needs above all else.
"Stick with user needs, not solutions." "The consumer's voice should be heard above all others."
While no causal connections can be made from this posthoc data analysis, there are sound explanations leading us towards the conclusion that the high number of lessons relating to user needs reflects both the importance of that phase within the NPD process and its impact on students' learning experiences. Firstly, as we will discuss further below, effective need-finding requires skills not traditionally associated with the disciplines of engineering, business, industrial design and information systems design. Effective need-finding requires designers to empathize with their users [19] , drawing on skills of listening, observation, understanding and intuition. Needfinding is a "fuzzy," non-linear, and inexact process, unlike the more analytical, linear processes often taught within several of these disciplines. Other phases that draw on more traditional skills within these disciplines may be expected to provide students with fewer salient learning experiences.
Secondly, requiring students to test their products with real users reveals the importance of effectively performing the needfinding stage. Where a technically proficient design does not please users in the prototyping and testing phases, students will learn to relate this failure to a gap in understanding of user needs. While this may result in lessons concerning user needs being reported in the later phases, it underlines the importance of the user need phase.
We note here also that the lessons learned related primarily, though not exclusively, to situations in which an individual had either 'learned the hard way' -We should have had a better process for introducing/ commenting on/ evaluating ideas -or lessons derived from experiences they found particularly positive or useful -Team brainstorming is amazing and fun. Thus the lessons learned is indicative not just of what students learned, but also where students encountered the most negative and positive experiences.
User Needs Lessons
During the user needs analysis it emerged that some categories were mentioned more often than others and several groups of categories were complexly interrelated in terms of both language used and process considerations. We discuss below some of the main relationships between user needs categories.
New skills
There were many lessons that related to the new skills of need-finding required by the modern new product developer. We saw 9 lessons specifically mentioning the importance of learning effective observation skills -Observation is key for identifying user needs -8 lessons relating to the development of listening skills -Listen intently to consumers. Their needs should drive every step regardless of the developer's original intent -and another 9 lessons concerning the importance of context for research, getting out of the office and seeing the user's environment -Direct observation is essential. Experience use in the customer environment. Many of these needs overlapped, as the examples show, touching multiple aspects of the skills required. Current design researchers and practitioners have also emphasized the effectiveness of these skills combined in uncovering users' latent needs: "Today, the message is to observe customers working in context to find out what those customers need, not just what they say they need." [20] The prevalence of these clusters, and their interrelatedness, gives an indication of their importance towards both an effective product development experience and also of how new these skills are to many product developers taking the course. An emphasis on these skills is not a traditional part of the engineering design, business school, or information systems curriculums, nor even of traditional industrial design programs.
Frames, perspectives and sharing
Frames are "underlying structures of belief, perception and appreciation" [21] and refer to the way designers and users structure their experience through deciding what are and are not the important elements of a situation, the boundaries of a situation and the criteria for success. Frames are a notion commonly employed in sociology (see for example [22] or [23] ) to understand the way a group of people understand their roles and interactions within a context. We saw many lessons that related to the importance of relinquishing the frames and viewpoints that students originally held and replacing them with the user's perspective -Customer needs can surprise you and change everything; Understanding issues, step into the shoes of your customer. Related to these lessons were lessons pertaining to bias that product developers themselves bring to user research often obscuring the user's perspective through loaded questions -Customer research may be biased by [ 
Identifying and managing needs
The clusters of Accuracy, Scope, Latent needs and Prioritization, were all found to be closely related with many lessons fitting into a combination of two of the clusters. Students emphasized the importance of finding the 'right' user needs: those that when met most resonated with the users -It's important to get true customer needs and do a good job early on so that you pick the right direction in the end. However, there was also a tension between finding and prioritizing the 'right' user needs to address and the scope of users from which to draw insights. While several lessons discussed topics such as Initial customer needs assessment has to be broad with input of several sources, others leaned towards: There are many types of users, users are different and you can't satisfy them all, or You can't please everyone. Though students found it valuable to study a diverse range of users, interactions and scenarios, there was also a feeling of being 'bogged down' in the amount and variety of data such a wide net resulted in, often revealing conflicting needs for different users. Divergence and convergence is a delicate balance.
Understanding, managing and prioritizing needs once they were identified also seemed problematic. There was an emphasis on the importance of identifying latent, hidden or implicit needs - Together these four clusters seem to typify what is hard about need-finding yet also what is so important about needfinding done well. It is not easy to identify hidden needs that a customer cannot tell you themselves; developers must learn effective observation and listening skills. Once needs are identified it is then difficult to manage and prioritize these needs according to the range of users studied and the relative importance of the needs. In addition, development decisions toward the concept generation phase can be both paradoxical and problematic as one product must satisfy multiple needs for multiple different users. The lessons learned from these students underline the importance of following an iterative approach to need-finding and product development.
Overall
Underlying the majority of the student lessons learned is the general theme that need-finding is neither formulaic nor entirely methodological. In this sense, it closely reflects both Schön's metaphor of a reflexive conversation [5] with the situation and Horst Rittel's view of design as an argumentative process [25] . The direct, spontaneous interactions with users and within design teams and their prototypes also point towards the aptness of considering these early stages of design as a form of improvisation (see for example [26] ). The 'back and forth' between developers and users, and within the teams themselves, was clearly evident as the teams negotiated the need-finding stage of the process and iterated towards final prototypes. In addition to the importance of understanding different user perspectives on the situation, there was also the realization that the designer's own viewpoint and expertise remain valuable within the user-centered design process, as eloquently voiced in this lesson from a student:
While 
CONCLUSIONS AND FUTURE WORK
In this paper we presented an analysis of three years of lessons learned data from a multidisciplinary product development class covering over 1200 individual student comments. We observed that the greatest number of lessons learned related to the challenges and benefits of working in a multidisciplinary team. This reinforces the importance of providing students with real multidisciplinary team experience for NPD projects.
We also observed that within lessons learned related to the design process, understanding and managing user needs was the most frequently mentioned category. The breakdown of user needs lessons highlighted the importance of new skills for product developers in empathizing with users, including observation, listening and the importance of being in context. We suggest that greater emphasis be given to the teaching and practice of such skills, traditionally associated with the social sciences and qualitative research, to lower such a steep learning curve within real NPD projects. Further, the lessons pointed to the importance of practicing and applying these skills within the context of the design process, for although the instructors of the class cover the basics of the skills during class lectures, the application of them still provided many learning experiences. Experience appears to be a necessary component of learning these qualitative skills and tools since interviews, observations, and real-world interactions rarely follow predictable scripts; there are simply too many variables and possible outcomes to sufficiently prepare students in the classroom alone. It may be that if part of the benefit of working in multidisciplinary teams is learning from teammates, then incorporating team members with these skills, such as anthropologists, and other social scientists may prove beneficial towards teamwork and overall team performance.
Within the area of user needs, the prevalence of lessons relating to the interconnected issues of Scope, Accuracy, Prioritization and Latent Needs suggest that more guidance, tools and frameworks would be beneficial to help student product developers manage this complex process.
Finally, the students' insights into the design experience through the lessons learned exercise leads us to advocate this pedagogical tool for multidisciplinary NPD classes. The reflection and sharing of lessons among class members appears to be a useful learning experience, as well as a valuable window for instructors into students' real design experience.
